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Summary: It has been shown that benzethonium chloride produces linear mixed-type inhibition of choline esterase
and acetylcholine esterase. These enzymes also show-reagent-carry-over inhibition if the enzyme activities are
measured in plastic cuvettes in which previously protein has been determined by the alkaline benzethonium chloride
method. Choline esterase is about 10-fold more sensitive to benzethonium chloride than acetylcholine esterase.
With acetylthiocholine as substrate Michaelis-Menten constants for choline esterase and acetylcholine esterase are
85 μηιοΙ/1 and 102 μηιοΙ/1, respectively. Carry-over inhibitory effect of benzethonium chloride can be avoided by
washing the cuvettes, after protein determination by the benzethonium chloride method, with 5 ml/1 Triton X-100,
5 ml/1 Tween 20 or 10 g/1 sodium dodecyl sulphate. The latter has a disadvantage in that it precipitates out at low
temperatures. The dry slide method (Johnson & Johnson) for serum choline esterase is free of the inhibitory effect
until the concentration of benzethonium chloride in the sample reaches about 200 μιηοΐ/ΐ.
Introduction
In man acetylcholine can be hydrolyzed by choline es-
terase1) and acetylcholine esterase1). Measurements of
choline esterase activity are clinically important in cases
of suspicion of toxicity with organophosphate pesticides
and heritable deficiency of the enzyme with risk of pro-
longed apnea following anaesthesia with the muscle re-
laxant succinyl bischoline (suxamethonium). Choline es-
terase, being predominantly of hepatic origin, is also
sometimes used as a liver function test (1). Determina-
tion of acetylcholine esterase, found in red blood cells,
nerve endings and gray matter, is used as an additional
confirmatory test for organophosphate poisoning (2, 3)
and to diagnose neural tube defect (4).
Alkaline benzethonium chloride is used in one of the
most frequently employed (5) turbidimetric methods for
determination of total protein in urine and cerebrospinal
fluid (6, 7).
!) Enzymes:
















All these tests have been automated and can be carried
out on a single autoanalyzer. We have found that in such
a situation both choline esterase and acetylcholine ester-
ase are inhibited if the enzyme assay occurs in the same
plastic cuvettes in which previously urinary total protein
has been determined by the benzethonium chloride
method and that the extent of this reagent-carry-over in-
hibition is related to the concentration of protein in
urine (8).
In this article we have described the kinetic mechanism
of inhibition of choline esterase and acetylcholine ester-
ase by benzethonium chloride, a method of eliminating
the carry-over inhibitory effect and the effect of benz-
thonium chloride on choline esterase as measured by the
dry slide method.
Materials and Methods
Acetylthiocholine iodide and quinidine sulphate were purchased
from ICN Biochemicals, CA, USA. Benzethonium chloride, butyr-
ylthiocholine iodide, and sodium dodecyl sulphate were obtained
from Sigma Chemical Co. St. Louis, MO, USA. 5,5'-Dithiobis (2-
nitrobenzoic acid) was from Janssen Chemica, Beerse, Belgium.
All other chemicals were bought from E. Merck, Darmstadt, Ger-
many.
Choline esterase and acetylcholine esterase activity assays and uri-
nary total protein determinations were performed at 37 °C on a
BM/Hitachi 911 autoanalyzer (Boehringer Mannheim (BM), Mann-
heim, Germany). Choline esterase determination by the dry slide
method was carried out at 37 °C on Ektachem 700 XR (Johnson &
Johnson, Rochester, NY, USA). The latter method uses butyrylthio-
choline as substrate. The effect of benzethonium chloride on this
method was investigated by adding benzethonium chloride directly
to the plasma samples.
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Determination of choline esterase and acetylcholine
esterase on BM/Hitachi 911
We used the method of Lewis et al. (9) with a modified protocol.
For choline esterase, 15 μΐ plasma samples were added to 280 μΐ
R!, containing 0.58 mmol/1 sodium bicarbonate and 0.32 mmol/1
5,5'-dithiobis (2-nitrobenzoic acid) in 0.1 mol/1 phosphate buffer,
pH 8.O. After 1.25 min the reaction was started with addition of
20 μΐ of 7.87 mmol/1 acetylthiocholine (R2) and monitored mono-
chromatically at 415 nm between the 10th and 20th revolutions of
the carousel. Each revolution of the BM/Hitachi 911 cuvette ca-
rousel takes 20 s. For acetylcholine esterase the sample volume was
5 μΐ and the R] was increased to 290 μΐ. When butyrylthiocholine
(7.87 mmol/1) was used as a substrate, it simply replaced acetyl-
thiocholine. Red blood cell haemolysates were produced as de-
scribed by Lewis et al. (9).
Kinetics of benzethonium chloridetjnhibition
Choline esterase and acetylcholine esterase activities were deter-
mined at final acetylthiocholine concentrations of 15, 25, 50, 80,
120, 160 and 250 μηιοΙ/1 in the absence and presence of 2.03 and
4.06 μπιοΐ/l of benzethonium chloride. In these experiments R! was
260 μΐ for choline esterase and 270 μΐ for acetylcholine esterase,
R2 was 20 μΐ isotonic saline or benzethonium chloride solution and
R3 was acetylthiocholine (20 μΐ).
Protein determination by the benzethonium chloride
method
Total protein in urine was determined as described by Iwata &
Nishikaze (6) using homemade reagents. Fifteen μΐ samples were
added to 250 μΐ Rb containing 530 mmol/1 NaOH and 74 mmol/1
EDTA-Na2. The reaction was started by addition of 100 μΐ R2 (con-
sisting of 32 mmol/1 benzethonium chloride) and monitored bichro-
matically at 505 nm (primary wavelength) and 700 nm (secondary
wavelength) between the 15th and 31st revolutions.
Carry-over inhibition of choline esterase and
acetylcholine esterase by benzethonium chloride and
its elimination
New plastic cuvettes were placed in the BM/Hitachi 911 and cho-
line esterase and acetylcholine esterase activities were measured.
This was followed by determination of different concentration
levels of urinary total protein by the benzethonium chloride
method. Choline esterase and acetylcholine esterase activities were
again assayed in the same cuvettes in which urinary protein had
been determined. Carry-over inhibitory effect was estimated from
the difference in the enzyme activities before and after protein de-
termination.
To eliminate the carry-over inhibitory effect of benzethonium chlo-
ride, the analyzer was programmed to carry out an additional cell
wash with "selective mode solution" (0.2 mmol/1 HC1) from BM,
5 ml/1 and 10 ml/1 Triton X-100, 10 g/1 dodecyl sulphate or 5 ml/1
and 10 ml/1 Tween 20 after protein determination. Choline esterase
and acetylcholine esterase activity measurements on the same sam-
ples were repeated in the same cuvettes.
Results
Reagent-carry-over inhibit ion of choline
esterase and acetylcholine esterase by
benzethonium chloride
When choline esterase and acetylcholine esterase activi-
ties were measured in the same cuvettes before and after
determining urinary protein at different concentration
levels it was found that previous contact of the plastic
cuvette with benzethonium chloride has differential
negative effect on both enzymes' activities (fig. 1).
While choline esterase showed protein concentration de-
pendent inhibition, acetylcholine esterase was only af-
fected significantly when high protein concentrations
levels had been assayed in the cuvette.
Elimination of the inhibitory carry-over
effect
In one set of experiments choline esterase and acetyl-
choline esterase were assayed in the same cuvettes be-
fore and after urinary protein determinations. In another
set, cuvettes were washed with detergent solutions
following protein determinations and choline esterase
and acetylcholine esterase activities were measured
again. The results showed (fig. 2) that washing the cu-
vettes with 5 ml/1 or 10 ml/1 Triton X-100 abolished the
carry-over inhibitory effect of benzethonium chloride.
Ten g/1 sodium dodecyl sulphate and 5 ml/1 Tween 20
were equally effective. On the other hand, addition of
these detergents to the cuvettes at the end of protein
assay as R4 and then washing the cuvettes in the usual
way was totally ineffective. Washing the cuvettes with
"selective mode solution" from BM also failed to re-
move the cany-over inhibition.
Kinetics of benzethonium chloride inhibition
of choline esterase and acetylcholine esterase
Lineweaver-Burk plots for choline esterase and acetyl-
choline esterase in the absence and presence of different
fixed concentrations of benzethonium chloride in-
tersected above the 1/[S] axis indicating that benzetho-
nium chloride produced mixed-type inhibition of these
enzymes-affecting both Fmax and Km. Results of only
choline esterase are shown (fig. 3).
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Fig. 1 Enzyme activity was determined in a fresh cuvette (1) and
then again in the same cuvettes after protein determination in a
blank saline sample (2) and in urine samples with protein concen-
trations of 1.2 g/1 (3), 5.5 g/1 (4) and 16 g/1 (5).
| 1 represents mean ± SD (n = 8).

























Fig. 2 Column 1 shows enzyme activity in fresh cuvettes. Col-
umns 2, 3, 4 and 5 represent enzyme activities (of the same sample
as in 1) in cuvettes in which protein had been determined by the
benzethonium chloride method at concentrations levels of 0, 1.34,
5.9 and 14.1 g/1.
Km^ KI and Fmax for choline esterase with acetylthiocho-
line as substrate were found to be 85 μπιοΐ/ΐ, 35 nmol/1
and 2.6 kU/1 and for acetylcholine esterase 102 μπιοΐ/ΐ,
36 nmol/1 and 22.5 kU/1.
In the presence of 0.203 μπιοΐ/ΐ benzethonium chloride,
Pmax and Km of choline esterase changed to 1.2 kU/1 and
128.7 μπιοΐ/ΐ, respectively. For acetylcholine esterase
2.03 μηιοΐ/ΐ benzethonium chloride produced Fmax of
11.2 kU/1 and Km 190 μπιοΐ/ΐ. Our Km values for acetyl-
choline esterase and choline esterase agreed well with
those of Lewis et al. (9).
Effect of benzethonium chloride on choline
esterase activity with butyrylthiocholine as
substrate
The effect of benzethonium chloride on choline esterase
activity as measured by the dry slide method and with
the BM/Hitachi 911 is shown in table 1. The results
showed that the dry slide method remained unaffected
by benzethonium chloride up to concentrations of 20.3
μπιοΐ/ΐ. Even at a benzethonium chloride concentration
ten times higher than this, choline esterase activity was
reduced only by about 9%.
On the other hand the wet chemistry method was ex-
tremely sensitive to benzethonium chloride and pro-
duced 29% inhibition of choline esterase at the benzeth-
onium chloride concentration of 0.203 μπιοΐ/ΐ.
Discussion
Benzethonium chloride is a quaternary ammonium dis-
infectant that is used in skin cosmetics, in eye drops and
as a topical antiseptic (10, 11). It has some structural
(12) similarities with known acetylcholine esterase in-
hibitors (13). Therefore it might be expected to inhibit
choline esterase and/or acetylcholine esterase. George &
Abernethy (14) have used a high concentration of ben-
^ 5
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Columns 2', 3', 4' and 5' show activities in cuvettes that had been
washed with 5 ml/1 Triton X-100 after protein determinations. The
experiment was repeated with nine patient samples.
zethonium chloride to stop the acetylcholine esterase re-
action, but they provide no data about the nature of this
inhibitory action.
Our kinetic studies have revealed that the Lineweaver-
Burk plots intersect above the 1/[S] axis (fig. 3). This
indicates that benzethonium chloride produces linear
mixed-type inhibition (15) of choline esterase and ace-
tylcholine esterase. The equilibria describing this system





















ES is enzyme-substrate complex,
El is enzyme-inhibitor complex,
ESI is enzyme-substrate-inhibitor complex,
P is product,
α is a factor by which the dissociation constant
of ESI complex must change to maintain the
four enzyme species at equilibrium,
A's and K\ are dissociation constants of ES and El
respectively.
This system may be regarded as a mixture of partial
competitive inhibition and pure non-competitive inhibi-
tion. This is supported by the fact that the presence of
inhibitor changes Km (increased) and Fmax (decreased)
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Fig. 3 Lineweaver-Burk plot for choline esterase in the presence
of benzethonium chloride concentrations of 0 (o), 0.203 μιηοΐ/l (·)
and 0.406 μπιοΐ/l (D).
of both choline esterase and acetylcholine esterase. In-
tersection of Lineweaver-Burk plots above the 1/[S] axis
implies that α > 1. This is found to be the case. For
choline esterase, α is found to be 1.9 and for acetylcho-
line esterase 2.2. In this system ESI is non-productive
and at a sufficiently high concentration of inhibitor,
velocity of the enzyme reaction would be reduced to
zero (15). Acetylcholine esterase, however, is about 10-
fold less sensitive to benzothonium chloride inhibition
than choline esterase. This is deduced from the fact that
whereas 50% decrease in Fmax of acetylcholine esterase
reaction with acetylthiocholine is produced by 2.03
μπιοΙ/1 benzethonium chloride, a similar reduction Fmax
of choline esterase is caused by 0.203 μηιοΙ/1 benzetho-
nium chloride.
It has been demonstrated that choline esterase and ace-
tylcholine esterase are not only inhibited by the addition
of benzethonium chloride to the reaction mixture but
also when these enzymes are assayed in the plastic cu-
vettes in which previously total protein had been deter-
mined by the benzethonium chloride turbidimetric
method. Furthermore the extent of inhibition shows de-
pendence not only on the enzyme type but also on the
concentrations of protein. This indicates that
i) benzethonium chloride binds to plastic cuvettes
ii) binding of benzethonium chloride and/or benzetho-
nium chloride-protein complex is greater in the presence
of protein, and
iii) bound benzethonium chloride, though not com-
pletely dislodged by the routine washing procedure for
cuvettes recommended by the manufacturers of the BM/
Hitachi autoanalyzer, is capable of complexing with the
enzymes.
The binding of benzethonium chloride and benzetho-
nium chloride-protein complex was not limited to the
plastic of the BM/Hitachi 911 analyzer cuvettes. The
reagent-carry-over inhibition of choline esterase and
acetylcholine esterase could be reproduced in disposable
plastic cuvettes for spectrophotometers (results not
shown).
We have shown that by programming an extra cell wash
with 5 ml/1 Triton X-100, 10 g/1 sodium dodecyl sul-
phate or 5 ml/1 Tween 20 virtually all the bound benz-
ethonium chloride can be removed. Use of a 10 g/1 so-
dium dodecyl sulphate solution, however, has one seri-
ous disadvantage in that the detergent precipitates out at
low temperatures and thus cannot be kept on board an
autoanalyzer in a cooled compartment.
In the dry slide choline esterase assay method butyryl-
thiocholine is used as substrate. Lack of inhibition of
choline esterase by this method at benzethonium chlo-
ride concentrations that produce almost complete inhibi-
tion of choline esterase with acetylthiocholine by the
conventional wet chemistry method, raised the possi-
bility that with butyrylthiocholine as substrate choline
esterase might not be inhibited by benzethonium chlo-
ride. This is found not to be the case (tab. 1). While by
the wet chemistry method choline esterase is inhibited
by 29% at 0.2 μπιοΐ/ΐ benzethonium chloride, in the dry
slide method 9% inhibition is observed at 203 μηιοΐ/l
benzethonium chloride. This suggests that in the dry
slide method benzethonium chloride is prevented from
reaching the enzyme reaction layer by binding to some
component of the slide and that this binding capacity for
benzethonium chloride is saturated at about 200 μηιοΐ/l.
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Since the equilibrium of E (choline esterase) and I (ben-
zethonium chloride) reaction is in the El direction (K{
= 36 nmol/1) and I can be stripped from the El in the
slide, it suggests that the binding of benzethonium chlo-
ride to choline esterase is reversible and thus not conva-
lent.
In conclusion we have demonstrated that
i) benzethonium chloride causes linear mixed-type inhi-
bition of choline esterase and acetylcholine esterase,
ii) benzethonium chloride produces reagent-carry-over
inhibition of choline esterase and acetylcholine esterase
if these enzymes are assayed in plastic cuvettes in which
previously total protein has been determined by the ben-
zethonium chloride turbidimetric method - this is true
whether the substrate is acetylthiocholine or butyrylthio-
choline,
iii) the reagent-carry-over inhibition can be eliminated
by washing the plastic cuvettes with 5 ml/1 Triton X-100
(5 ml/1 Tween 20 or 10 g/1 sodium dodecyl sulphate),
and
iv) the dry slide method for choline esterase on Ek-
tachem 700 XR remains unaffected by benzethonium
chloride until the concentration of the latter is > 200
μπιοΙ/1.
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